
Europaisches  Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0 j 0 5 4 ^ 4 0 4  
Office  europeen  des  brevets  ^ 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81305803.9  ©  Int.  CI.3:  B  22  F  3 /02  

r .   B  22  F  3/12,  B  30  B  11/00 
(22)  Date  of  filing:  09.12.81 

©  Priority:  16.12.80  US  216844  ©  Applicant:  KELSEY-HAYES  COMPANY 
38481  Huron  River  Road 
Romulus  Michigan  48174(US) 

(43)  Date  of  publication  of  application: 
23.06.82  Bulletin  82/25  ©  Inventor:  Rozmus,  Walter  J. 

584  Franklin  Woods  Drive 
©  Designated  Contracting  States:  Traverse  City  Michigan  49684(US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
@  Representative:  Walters,  Frederick  James 

Urquhart-Dykes  &  Lord  47  Marylebone  Lane 
London  W1M6DL(GB) 

©)  Method  of  forming  an  article. 

A  method  of  forming  an  article  to  a  final  form  in  a  final 
cavity  between  two  dies  by  forming  a  preform  having  the 
general  shape  of  the  final  form  of  the  article  and  thereafter 
measuring  the  amount  of  material  contained  in  the  preform 
and  removing  any  material  from  the  preform  in  excess  of  the 
amount  of  material  required  to  completely  fill  the  volume  of 
the  final  cavity  and  then  enclosing  the  preform  in  the  final 
cavity  to  completely  surround  the  preform  and  conform  the 
preform  to  the  shape  of  the  final  cavity  to  produce  the  final 
form  of  the  article.  Preferably,  the  preform  is  first  formed  by 
compacting  powder  metal  so  as  to  have  a  greater  dimension 
in  one  direction  than  the  final  form  and  a  lesser  dimension  in 
a  transverse  direction.  After  weighing  the  preform  and 
removing  excess  material  from  the  exterior  of  the  preform, 
the  preform  is  placed  between  two  dies  of  a  press  which 
close  to  initially  apply  pressure  to  the  greater  dimension  of 
the  preform  to  reduce  that  dimension  to  the  final  desired 
dimension  while  increasing  the  lesser  dimension  to  the  final 
desired  dimension  of  the  final  preform. 





T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of   f o r m i n g  

an  a r t i c l e   to   a  f i n a l   f o rm  in   a  c a v i t y   w h i c h   s u r r o u n d s   t h e  

a r t i c l e   to   d e f i n e   t h e   f i n a l   d e s i r e d   f o r m   of  t he   a r t i c l e .  

Such   f o r m i n g   i s   a c c o m p l i s h e d   in   f o r g i n g   and  l i k e   p r o c e s s e s .  

A l t h o u g h   a p p l i c a b l e   to   f o r g i n g   and  l i k e   p r o c e s s e s ,   t h e  

s u b j e c t   i n v e n t i o n   h a s   p a r t i c u l a r   u t i l i t y   and  w i l l   b e  

d e s c r i b e d   in   c o n n e c t i o n   w i t h   f o r m i n g   an  a r t i c l e   by  t h e   h o t  

c o n s o l i d a t i o n   of   p o w d e r   m a t e r i a l .  

Hot  c o n s o l i d a t i o n   can   be  a c c o m p l i s h e d   by  f i l l i n g  

a  c o n t a i n e r   w i t h   a  p o w d e r   to   be  c o n s o l i d a t e d .   The  c o n -  

t a i n e r   i s   u s u a l l y   e v a c u a t e d   p r i o r   to  f i l l i n g   and  t h e n  

h e r m e t i c a l l y   s e a l e d .   H e a t   and  p r e s s u r e   a r e   a p p l i e d   to   t h e  

f i l l e d   and  s e a l e d   c o n t a i n e r .   At  e l e v a t e d   t e m p e r a t u r e s ,  

t h e   c o n t a i n e r   f u n c t i o n s   as  a  p r e s s u r e - t r a n s m i t t i n g   m e d i u m  

to  s u b j e c t   t h e   p o w d e r   to   t h e   p r e s s u r e   a p p l i e d   t o -  t h e  

c o n t a i n e r .   S i m u l t a n e o u s l y ,   t h e   h e a t   c a u s e s   t h e   p o w d e r   t o  

f u s e   by  s i n t e r i n g .   In  s h o r t ,   t h e   c o m b i n a t i o n   of  h e a t  

and   p r e s s u r e   c a u s e s   c o n s o l i d a t i o n   of  t h e   p o w d e r   i n t o   a  

s u b s t a n t i a l l y   f u l l y   d e n s i f i e d   and  f u s e d   mass  in  w h i c h   t h e  

i n d i v i d u a l   p o w d e r   p a r t i c l e s   c h a n g e   s h a p e   as  t h e y   a r e  

f o r c e d   t o g e t h e r   and   a r e   u n i t e d   i n t o   a  s u b s t a n t i a l l y  

h o m o g e n e o u s   m a s s .  

A f t e r   c o n s o l i d a t i o n ,   t h e   c o n t a i n e r   i s   r e m o v e d  

f rom  t h e   d e n s i f i e d   p o w d e r   c o m p a c t   or  p r e f o r m   and  t h e  

p r e f o r m   is   t h e n   f u r t h e r   p r o c e s s e d   t h r o u g h   one  or  m o r e  

s t e p s ,   s u c h   as  f o r g i n g ,   m a c h i n i n g ,   g r i n d i n g   a n d / o r   h e a t  

t r e a t i n g .  

B e c a u s e   t h e   v o l u m e   of  t h e   c a v i t y   in  t h e  



c o n t a i n e r   f o r   h o t   c o n s o l i d a t i o n   may  v a r y   f r o m   c o n t a i n e r   t o  

c o n t a i n e r ,   t h e   f i n a l   c o n f i g u r a t i o n   may  v a r y   f r o m   c o m p a c t e d  

p a r t   to  c o m p a c t e d   p a r t .   A n o t h e r   v a r i a b l e   i s   t h a t   t h e  

d e n s i t y   of   t h e   p o w d e r   may  v a r y   f r o m   one   f i l l   to   t h e   n e x t .  

In  a d d i t i o n ,   t h e   p a r t i c l e   s i z e   may  d i f f e r   f r o m   one   f i l l   t o  

t h e   n e x t .   A l l   o f   t h e s e   f a c t o r s   c a n   c o n t r i b u t e   to   p a r t s  

b e i n g   b e l o w   or   a b o v e   t o l e r a n c e s   when  i t   i s ,   o f   c o u r s e ,  

d e s i r a b l e   to   c o n s i s t e n t l y   p r o d u c e   p a r t   a f t e r   p a r t   w i t h   t h e  

same  s h a p e   or   f o r m   w i t h   t h e   same  a m o u n t   o f   m a t e r i a l   o r  

mass   in   e a c h   p a r t .   A n o t h e r   p r o b l e m   w h i c h   o c c u r s   i s   t h a t  

when  t h e   p a r t   i s   c o m p a c t e d   b e t w e e n   two  d i e s ,   f l a s h   m a y  

o c c u r   on  t h e   p a r t   a t   t h e   p a r t i n g   l i n e   of   t h e   two  d i e s .  

T h i s   f l a s h ,   of  c o u r s e ,   m u s t   be  r e m o v e d   in   a  s u b s e q u e n t  

o p e r a t i o n .  

SUIMARY  OF  THE  I N V E N T I O N  

T h e s e   p r o b l e m s   may  be  o v e r c o m e   by  t h e   s u b j e c t  

i n v e n t i o n   w h i c h   p r o v i d e s   a  m e t h o d   of   f o r m i n g   an  a r t i c l e  

to   a  f i n a l   f o rm  in   a  f i n a l   c a v i t y   c o m p l e t e l y   s u r r o u n d i n g  

and  h a v i n g   t h e   f i n a l   f o r m   of  t h e   a r t i c l e .   The  m e t h o d   i n -  

c l u d e s   t h e   s t e p s   of   f o r m i n g - a   p r e f o r m   h a v i n g   t h e   g e n e r a l  

s h a p e   of  t h e   f i n a l   fo rm  of  t h e   a r t i c l e ,   m e a s u r i n g   t h e  

a m o u n t   of  m a t e r i a l   c o n t a i n e d   in   t h e   p r e f o r m ,   r e m o v i n g   a n y  

m a t e r i a l   f r o m   t h e   p r e f o r m   in  e x c e s s   of   t h e   a m o u n t   o f  

m a t e r i a l   r e q u i r e d   to   c o m p l e t e l y   f i l l   t h e   v o l u m e   of   t h e  

f i n a l   c a v i t y   and  e n c l o s i n g   t h e   p r e f o r m   in   t h e   f i n a l  

c a v i t y   to  c o m p l e t e l y   s u r r o u n d   t h e   p r e f o r m   and  c o n f o r m   t h e  

p r e f o r m   to   t h e   s h a p e   of  t h e   c a v i t y   to   p r o d u c e   t h e   f i n a l  

f o r m   of  t h e   a r t i c l e .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

O t h e r   a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

be  r e a d i l y   a p p r e c i a t e d   as  t h e   same  b e c o m e s   b e t t e r   u n d e r -  

s t o o d   by  r e f e r e n c e   to   t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

when  c o n s i d e r e d   in   c o n n e c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w -  

i n g   w h i c h   i s   a  f l o w   d i a g r a m   i l l u s t r a t i n g   t h e   m a j o r   s t e p s  

i n v o l v e d   in  t h e   m e t h o d   of   t h e   s u b j e c t   i n v e n t i o n .  

DESCRIPTION  OF  THE  INVENTION 

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   s u b j e c t   i n v e n -  

t i o n   may  be  u t i l i z e d   f o r   s h a p i n g   p a r t s   by  f o r g i n g   or  i n  

a n y  o t h e r   p r o c e s s   w h e r e   a  p a r t   is   to   be  c o n f o r m e d   to  t h e  

s h a p e   o f   a  c a v i t y .   H o w e v e r ,   t h e   i n v e n t i o n   h a s   p a r t i c u l a r  

u t i l i t y   and   w i l l   be  d e s c r i b e d   in  c o n n e c t i o n   w i t h   t h e   h o t  

c o n s o l i d a t i o n   of  v a r i o u s   m e t a l l i c   p o w d e r s   and   n o n m e t a l l i c  

p o w d e r s ,   as   w e l l   as   c o m b i n a t i o n s   t h e r e o f ,   t o   f o rm  a  

d e n s i f i e d   p o w d e r   a r t i c l e .   The  i n v e n t i o n   may  b e  u t i l i z e d  

to   c o n s o l i d a t e   m e t a l l i c   p o w d e r   i n t o   c o m p l e x   s h a p e s   b y  

u t i l i z i n g   a  " f l u i d   d i e "   or  " t h i c k - w a l l e d "   c o n t a i n e r   o f  

t h e   t y p e   d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t   4 , 1 4 2 , 8 8 8  

g r a n t e d   March   6,  1979  in  t h e   name  of  W a l t e r   J .   R o z m u s ,  

t h e   d i s c l o s u r e   of   w h i c h   i s   h e r e b y   i n c o r p o r a t e d   b y  

r e f e r e n c e .   By  way  of  d e f i n i t i o n ,   a  t h i c k - w a l l e d   c o n -  

t a i n e r   i s   of  s u f f i c i e n t   t h i c k n e s s   so  t h a t   t h e   e x t e r i o r  

s u r f a c e   of  t h e   w a l l s   do  n o t   c l o s e l y   f o l l o w   t h e   c o n t o u r  

or   s h a p e   of   t h e   c a v i t y .   T h i s   i n s u r e s   t h a t   s u f f i c i e n t  

c o n t a i n e r   m a t e r i a l   i s   p r o v i d e d   so  t h a t ,   u p o n   t h e   a p p l i -  

-  c a t i o n   of  h e a t   and  p r e s s u r e ,   the   c o n t a i n e r   m a t e r i a l   w i l l  

a c t   l i k e   a  f l u i d   to  a p p l y   h y r d o s t a t i c   p r e s s u r e   to   t h e  

p o w d e r   in   t h e   c a v i t y .   The  use   of  a  t h i c k - w a l l e d  



c o n t a i n e r   p r o d u c e s   a  n e a r - n e t   s h a p e   h a v i n g   c l o s e   d i m e n -  

s i o n a l   t o l e r a n c e s   w i t h   a  min imum  of  d i s t o r t i o n .  

The  d r a w i n g   i l l u s t r a t e s   t h e   s t e p s   of  t h e   m e t h o d  

o f   f o r m i n g   an  a r t i c l e   to   a  f i n a l   f o r m   in   a  f i n a l   c a v i t y  

c o m p l e t e l y   s u r r o u n d i n g   and  h a v i n g   t h e   f i n a l   f o rm  of  t h e  

a r t i c l e .   S t e p   1  i s   t h e   f o r m i n g   of   a  p r e f o r m   h a v i n g   t h e  

g e n e r a l   s h a p e   and   m a s s   of  t h e   f i n a l   f o r m   of  t h e   a r t i c l e .  

S t e p   2  i n c l u d e s   m e a s u r i n g   t h e   a m o u n t   of   m a t e r i a l   o r   m a s s  

of   t h e   m a t e r i a l   c o n t a i n e d   in   t h e   p r e f o r m   r e s u l t i n g   f r o m  

S t e p   1.  S t e p   3  i n c l u d e s   r e m o v i n g   any  m a t e r i a l   o r   m a s s  

f r o m   t h e   p r e f o r m   in   e x c e s s   of  t h e   a m o u n t   o f  m a t e r i a l   o r  

m a s s   r e q u i r e d   to   c o m p l e t e l y   f i l l   t h e   v o l u m e   of   t h e   f i n a l  

c a v i t y .   S t e p   5  i s   t h e   e n c l o s i n g   of   t h e   p r e f o r m   in   t h e  

f i n a l   c a v i t y   to   c o m p l e t e l y   s u r r o u n d   t h e   p r e f o r m   and  c o n -  

f o r m   t h e   p r e f o r m   t o   t h e   s h a p e   of  t h e   f i n a l ' c a v i t y   t o  

p r o d u c e   t h e   f i n a l   f o r m   of  t h e   a r t i c l e .  

S t e p   1  shows   a  t h i c k - w a l l e d   c o n t a i n e r   f o r m e d  

by  a t   l e a s t   two  m a t i n g   c o n t a i n e r   p a r t s   12  and  14.  T h e  

c o n t a i n e r   p a r t s   12  and   14  d e f i n e   a  c a v i t y   16  in  w h i c h  

p o w d e r   18  i s   d i s p o s e d   f o r   c o n s o l i d a t i o n .   As  i l l u s t r a t e d ,  

t h e   c o n t a i n e r   p a r t s   12  and  14  d e f i n e   t h e   c a v i t y   16  w h e n  

t h e y   a r e   m a t e d   t o g e t h e r   a t   t h e   m a t i n g   s u r f a c e s   20,  a s  

by  w e l d i n g .  

The  d e n s i f i e d   or   c o m p a c t e d   p r e f o r m   18  may  be  o f  

v a r i o u s   c o m p l e x   s h a p e s .   As  i l l u s t r a t e d   in   S t e p   1,  t h e r e  

i s   shown  a  c r o s s   s e c t i o n   t h r o u g h   t h e   c o n t a i n e r   and  t h e  

-  c o m p a c t e d   p r e f o r m   i l l u s t r a t i n g   a  c r o s s   s e c t i o n   o f . t h e  

p r e f o r m   w h i c h   i s   e l o n g a t e d   or   o v a l .   The  f i n a l   s h a p e   o r  

f o r m   of  t h e   a r t i c l e ,   b y  w a y   of  i l l u s t r a t i o n ,   w i l l   b e  



c i r c u l a r   as  i l l u s t r a t e d   in   S t e p   5.  A l t h o u g h   i t   w i l l   b e  

a p p r e c i a t e d   t h a t   v a r i o u s   s h a p e s   may  be  p r o d u c e d   i n  

a c c o r d a n c e   w i t h   t h e   s u b j e c t   i n v e n t i o n   and  t h a t   t h e   s h a p e s  

a l o n g   t h e   l o n g i t u d i n a l   a x i s   of  a  g i v e n   p a r t   may  c h a n g e  

s i g n i f i c a n t l y .  

In  S t e p   1  a  q u a n t i t y   of  p o w d e r   18  i s   e n c a p s u -  

l a t e d   in   a  c a v i t y   16  in  a  t h i c k   w a l l e d   c o n t a i n e r   d e f i n e d  

by  t h e   p a r t s   12  and  14  w i t h   t h e   c o n t a i n e r   h a v i n g   w a l l s  

e n t i r e l y   s u r r o u n d i n g   t h e   c a v i t y   16  and  of   s u f f i c i e n t  

t h i c k n e s s   so  as  n o t   to   c l o s e l y   f o l l o w   t h e   c o n t o u r   of  t h e  

c a v i t y   16  and   of   a  m a t e r i a l   w h i c h   i s   s u b s t a n t i a l l y   f u l l y  

d e n s e   and   i n c o m p r e s s i b l e   and  c a p a b l e   of   p l a s t i c   f l o w   a t  

e l e v a t e d   t e m p e r a t u r e s .   The  c o n t a i n e r   d e f i n e d   by  t h e   p a r t s  

12  and   14  i s   g e n e r a l l y   r e c t a n g u l a r   in   c r o s s   s e c t i o n   a n d  

d o e s   n o t   f o l l o w   t h e   c o n t o u r   of  t h e   c a v i t y   16  as  t h e r e   a r e  

d i f f e r e n t   t h i c k n e s s e s   of  t h e   c o n t a i n e r   a b o u t   t h e   c a v i t y  

1 6 .  

The  c o n t a i n e r   p a r t s   12  and  14  and  t h e   p o w d e r  

a r e   h e a t e d   to  a  t e m p e r a t u r e   a t   w h i c h   t h e   p o w d e r   18  w i l l  

d e n s i f y .   E x t e r n a l   p r e s s u r e - i s   a p p l i e d   to   t h e   e n t i r e  

e x t e r i o r   s u r f a c e   of  t h e   c o n t a i n e r   p a r t s   12  and  14  t h e r e b y  

c a u s i n g   p l a s t i c   f l o w   of  t h e   c o n t a i n e r   p a r t s   12  and  14  

to   s u b j e c t   t h e   p o w d e r   to   h y d r o s t a t i c   p r e s s u r e   w h i c h  

c a u s e s   t h e   p o w d e r   to  d e n s i f y   i n t o   a  p r e f o r m .   The  p r e s s u r e  

i s   a p p l i e d   to  t h e   c o n t a i n e r   p a r t s   12  and  14  by  p l a c i n g  

t h e   c o n t a i n e r   p a r t s   w i t h i n   a  c o n s t r a i n i n g   c a v i t y   in  a  

p r e s s   d i e   22  and  a p p l y i n g   d o w n w a r d   p r e s s u r e   to  t h e   c o n -  

t a i n e r   p a r t s   12  and  14  by  a  ram  24  of  a  p r e s s -   T h i s   i s  

a c c o m p l i s h e d   in  a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of  t h e  



a f o r e m e n t i o n e d   U n i t e d   S t a t e s   P a t e n t   4 , 1 4 2 , 8 8 8 .  

The  p r e f o r m   18  i s   t h e n   r e m o v e d   f rom  t h e   c o n -  

t a i n e r   p a r t s   12  and  14.   T h i s   may  be  a c c o m p l i s h e d   b y  

v a r i o u s  m e a n s   s u c h   as  e t c h i n g ,   p i c k l i n g ,   m a c h i n i n g ,   e t c .  

One  v e r y   s a t i s f a c t o r y   m e t h o d   of   r e m o v i n g   t h e   p r e f o r m   18  

f r o m   t h e   c o n t a i n e r   p a r t s   12  and   14  i s   by  m e l t i n g   t h e   c o n -  

t a i n e r   m a t e r i a l   f r o m   a b o u t   t h e   p r e f o r m   18.   The  c o n t a i n e r  

p a r t s   12  and  14  may  be  f o r m e d   f r o m   a  m a t e r i a l   w h i c h   m e l t s  

a t   a  c o m b i n a t i o n   of   t e m p e r a t u r e   and   t i m e   a t   t h a t   t e m p e r a -  

t u r e   w h i c h   c o m b i n a t i o n   w o u l d   n o t   u n d e s i r a b l y   or   a d v e r s e l y  

a f f e c t   t h e   p r o p e r t i e s   of   t h e   p o w d e r   p r e f o r m   18,  i . e . ,  

a f t e r   h a v i n g   b e e n   c o n s o l i d a t e d   to   d e f i n e   t h e   d e n s i f i e d  

p o w d e r   c o m p a c t e d   p r e f o r m   18.   For   e x a m p l e ,   t h e   c o n t a i n e r  

may  be  made  f r o m   a  m e t a l   s u c h   as  c o p p e r .   T h i s   may  b e  

a c c o m p l i s h e d   in   a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of  U n i t e d  

S t a t e s   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  1 7 3 , 6 4 8   f i l e d  

J u l y   30,  1980  in   t h e   name  of  J .   R.  L i z e n b y   and  a s s i g n e d  

to  t h e   a s s i g n e e   of  t h e   s u b j e c t   i n v e n t i o n .  

A f t e r   c o m p a c t i o n   of  t h e   p r e f o r m   18  and  t h e  

r e m o v a l   of  t h e   p r e f o r m  1 8  f r o m   t h e   c o n t a i n e r   p a r t s   12  a n d  

14,   t h e   a m o u n t   of  m a t e r i a l   or   mass   c o n t a i n e d   in   t h e   p r e -  

f o r m   is   m e a s u r e d .   T h i s   may  be  a c c o m p l i s h e d   by  w e i g h i n g  

t h e   p r e f o r m   in  S t e p   2.  T h e r e a f t e r ,   t h e   m e t h o d   i n c l u d e s  

t h e   s t e p   of  r e m o v i n g   a n y  m a t e r i a l   a b o u t   t h e   e x t e r i o r  o f  

t h e   p r e f o r m   18  w h i c h   i s   in   e x c e s s   of  t h e   a m o u n t   of   m a -  

t e r i a l   in  t h e   f i n a l   d e s i r e d   f o rm  of  t h e   a r t i c l e .   T h e  

m a t e r i a l   may  be  r e m o v e d   in   S t e p   3  by  p a s s i n g   t h e   p r e f o r m  

18  t h r o u g h   an  e t c h i n g   b a t h .   The  p r e f o r m   w o u l d   b e  

s u b m e r g e d   in  a  s o l u t i o n   in  an  e t c h i n g   b a t h   u n d e r  



p r e d e t e r m i n e d   c o n d i t i o n s   to  r e m o v e   t n e   p r o p e r   a m  

m a t e r i a l   or   mass   f r o m   t h e   p r e f o r m .   The  p r e d e t e r m i n e d   c o n -  

d i t i o n s   w o u l d   i n c l u d e   t h e   t e m p e r a t u r e   of   t h e   s o l u t i o n ,   t h e  

e l e c t r i c a l   c u r r e n t   p a s s i n g   t h r o u g h   t h e   s o l u t i o n   and  t h e  

t i m e   t h e   p r e f o r m   i s   s u b m e r g e d   w i t h i n   t h e   s o l u t i o n .  

S t e p   4  i l l u s t r a t e s   t h e   e n c l o s i n g   of  t h e   p r e f o r m  

18  in   t h e   f i n a l   c a v i t y   26  to   c o m p l e t e l y   s u r r o u n d   t h e  

p r e f o r m   18  and  c o n f o r m   t h e   p r e f o r m   18  to  t h e   s h a p e   of  t h e  

f i n a l   c a v i t y   26  to   p r o d u c e   t h e   f i n a l   f o r m   of   t h e   a r t i c l e  

28.   The  p r e f o r m   18  i s   e n c l o s e d   in   t h e   f i n a l   c a v i t y   26  

by  p l a c i n g   t h e   h e a t e d   p r e f o r m   b e t w e e n   d i e s   30  of  a  p r e s s .  

The  d i e s   30  d e f i n e   t h e   f i n a l   c a v i t y   26  and  t h e   c l o s i n g   o f  

t h e   d i e s   30  a p p l y   p r e s s u r e   to   t h e   p r e f o r m   18  to   fo rm  i t  

i n t o   t h e   f i n a l   f o r m   of   t h e   a r t i c l e   28.  The  d i e s   30  m a y  

be  p l a c e d   in  a  v a r i e t y   of  w e l l - k n o w n   p r e s s e s .  

As  t h e   d r a w i n g   i l l u s t r a t e s ,   t h e   p r e f o r m   18  i s  

f o r m e d   so  as  to  h a v e   a  g r e a t e r   d i m e n s i o n   in   a  f i r s t  

d i r e c t i o n   t h e r e t h r o u g h   ( v e r t i c a l   as  shown)   t h a n   t h e   f i n a l  

d e s i r e d   d i m e n s i o n   in   t h e   f i r s t   ( v e r t i c a l )   d i r e c t i o n  

t h r o u g h   t h e   f i n a l   f o r m  2 8 .   The  p r e f o r m   18  i s   a l s o   f o r m e d  

to  h a v e   a  l e s s e r   d i m e n s i o n   in  a  s e c o n d   d i r e c t i o n   ( h o r i -  

z o n t a l )   t r a n s v e r s e   to   t h e   f i r s t   d i r e c t i o n   t h a n   t h e   f i n a l  

d e s i r e d   d i m e n s i o n   in  t h e   s e c o n d   d i r e c t i o n   ( h o r i z o n t a l )  

t h r o u g h   t h e   f i n a l   f o rm  28.  As  i l l u s t r a t e d ,   t h e   c r o s s -  

s e c t i o n a l   c o n f i g u r a t i o n   of  t h e   p r e f o r m   18  i s   o b l o n g   o r  

o v a l   w h e r e a s   t h e   c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   of   t h e  

.  f i n a l   f o r m   i s   c i r c u l a r .  

The  p r e f o r m   18  i s   e n c l o s e d   in  t h e   d i e s   30  b y  

c l o s i n g   t h e   d i e s   30  to  i n i t i a l l y   a p p l y   p r e s s u r e   to  t h e  



p r e f o r m   18  in  t h e   f i r s t   d i r e c t i o n   w h i c h   i s   v e r t i c a l  

as  i l l u s t r a t e d .   In  o t h e r   w o r d s ,   t h e   d i e s   30  f i r s t   c o n t a c t  

t h e   e n d s   of   t h e   o b l o n g   s h a p e   to   i n i t i a l l y   a p p l y   p r e s s u r e  

to  t h e   p r e f o r m   18  in   t h e   f i r s t   or   v e r t i c a l   d i r e c t i o n   t o  

d e c r e a s e   t h e   d i m e n s i o n   i n ' t h e   f i r s t   or   v e r t i c a l   d i r e c t i o n  

to   t h e   f i n a l   d e s i r e d   d i m e n s i o n   of  t h e   a r t i c l e   2 8 .   As  t h i s  

o c c u r s ,   t h e r e   i s   a l s o   an  i n c r e a s e   in   t h e   d i m e n s i o n   in   t h e  

s e c o n d   or   h o r i z o n t a l   d i r e c t i o n   of  t h e   p r e f o r m   18  t o   t h e  

f i n a l   d e s i r e d   d i m e n s i o n   of  t h e   a r t i c l e   28 .   In  o t h e r  

w o r d s ,   as   t h e   d i e s - 3 0   move  t o g e t h e r ,   t h e y   i n i t i a l l y   e n g a g e  

t h e   p r e f o r m   a t   t h e   i n t e n t i o n a l l y   o v e r s i z e   d i m e n s i o n   i n  

t h e   d i r e c t i o n   of   t h e   c l o s i n g   of  t h e   d i e s   a n d ,   s i n c e   t h e  

o t h e r   t r a n s v e r s e   d i m e n s i o n   b e t w e e n   t h e   s i d e s   i s   s m a l l e r  

t h a n   r e q u i r e d ,   t h a t   d i m e n s i o n   g r o w s   or  i n c r e a s e s .   S i n c e  

t h e   p r e f o r m   18  h a s   b e e n   m e a s u r e d   and  any   m a s s   or  m a t e r i a l  

in   e x c e s s   of  t h a t   r e q u i r e d   to  p r e c i s e l y   f i l l   t h e   c a v i t y  

26  h a s   b e e n   r e m o v e d ,   t h e   s i d e s   of  t h e   p r e f o r m   18,  w h e n  

i n c r e a s i n g   in  d i m e n s i o n   h o r i z o n t a l l y ,   c o n t a c t   t h e   w a l l s  

of   t h e   c a v i t y   26  a t   t h e   same  t i m e   t h e   d i e s   30  e n g a g e   o n e  

a n o t h e r   a t   t h e   p a r t i n g   l i n e   t h e r e b e t w e e n .   As  w i l l   b e  

a p p r e c i a t e d ,   in   t h i s   m a n n e r   t h e r e   i s   no  r e s u l t i n g   f l a s h  

in  t h e   f i n a l   a r t i c l e   28,  i . e . ,   t h e r e   i s   no  m a t e r i a l   o f  

t h e   a r t i c l e   28  s q u e e z e d   o u t w a r d l y   b e t w e e n   t h e   d i e s   30 

b e t w e e n   t h e   p a r t i n g   f a c e s   t h e r e o f   and  o u t s i d e   t h e   c a v i t y  

26.   A c c o r d i n g l y ,   n o t   o n l y   i s   t h e r e   a  p r e c i s e   a r t i c l e   i n  

t e r m s   of   s h a p e   r e s u l t i n g   f rom  t h e   m e t h o d   b u t   t h e   wear   o f  

t h e   d i e s   30  a t   t h e   p a r t i n g   f a c e s   t h e r e b e t w e e n   a d j a c e n t  

t h e   c a v i t y   26  s h o u l d   be  e l i m i n a t e d .  

In  many  i n s t a n c e s   i t   w i l l   be  d e s i r a b l e   t o  



i n i t i a l l y   f o rm  t h e   p r e f o r m   18  w i t h   a  g r e a t e r   a m o u n t   o f  

m a t e r i a l   or   mass  t h a n   t h e   a m o u n t   of   m a t e r i a l   in   t h e   f i n a l  

f o r m   of   t h e   a r t i c l e   28.  T h i s   w i l l   p r e v e n t   f o r m i n g   p r e -  

f o r m s   18  w h i c h   a r e   u n u s a b l e   b e c a u s e   of  l e s s   m a t e r i a l   o r  

m a s s   t h a n   d e s i r e d   in  t h e   f i n a l   a r t i c l e   2 8 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   f i n a l   c a v i t y   26 

i s   f i n a l   o n l y   in   t h a t   i t   p r o v i d e s   t h e   f i n a l   s h a p e   of  t h e  

d e s i r e d   a r t i c l e   b u t   t h e   t e r m   d o e s   n o t   mean  t h a t   t h e  

a r t i c l e   28  may  n o t   be  p r o c e s s e d   f u r t h e r   to   u n d e r g o   f u r -  

t h e r   p r o c e s s i n g .   I t   s h o u l d   a l s o   be  a p p r e c i a t e d   t h a t   i n  

t h e   r e m o v a l   s t e p ,   p a r t i c u l a r l y   when  p r o c e s s i n g   a r t i c l e s   o f  

c o m p l e x   s h a p e s ,   d i f f e r e n t   p o r t i o n s   of   t h e   a r t i c l e s   may  

h a v e   p r o p o r t i o n a l l y   d i f f e r e n t   a m o u n t s   of   m a t e r i a l   r e m o v e d  

t h e r e f r o m   t h a n   o t h e r   p o r t i o n s   of  t h e   a r t i c l e .   The  i m p o r -  

t a n c e   b e i n g   to  r e m o v e   m a t e r i a l   f r o m   t h e   p r e f o r m   18  s o  

t h a t   t h e   d i f f e r e n t   p o r t i o n s   of   t h e   p r e f o r m   a r e   in  p r o -  

p o r t i o n   to  t h e   f i n a l   c a v i t y   26  and  t h a t   t h e   t o t a l   v o l u m e  

in   t e r m s   of   m a t e r i a l   or  mass   of  t h e   p r e f o r m   i s   p r e c i s e l y  

t h e   same  as  t h e   v o l u m e   of   t h e   f i n a l   c a v i t y   2 6 .  

I t   s h o u l d   a l s o   be  a p p r e c i a t e d   t h a t   t h e   p r e f o r m  

may  a l s o   be  f o r m e d   in  an  a u t o c l a v e   i n s t e a d   of  a  p r e s s .  

The  i n v e n t i o n   has   b e e n   d e s c r i b e d   in   an  i l l u s -  

t r a t i v e   m a n n e r ,   and  i t   i s   to  be  u n d e r s t o o d   t h a t   t h e  

t e r m i n o l o g y   w h i c h   has   b e e n   u s e d   i s   i n t e n d e d   to   be  in  t h e  

n a t u r e   of   w o r d s   of  d e s c r i p t i o n   r a t h e r   t h a n   of  l i m i t a t i o n .  

O b v i o u s l y ,   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   o f  

t h e   p r e s e n t   i n v e n t i o n   a r e   p o s s i b l e   in  l i g h t   of   t he   a b o v e  

t e a c h i n g s .   I t   i s ,   t h e r e f o r e ,   to  be  u n d e r s t o o d   t h a t   w i t h -  

in   t h e   s c o p e   of  t h e   a p p e n d e d   c l a i m s   w h e r e i n   r e f e r e n c e  



n u m e r a l s   a r e   m e r e l y   f o r   c o n v e n i e n c e   and   a r e   n o t  t o  l e  

i n   any   way  l i m i t i n g ,   t h e   i n v e n t i o n   may  be  p r a c t i c e d  

o t h e r w i s e   t h a n   as   s p e c i f i c a l l y   d e s c r i b e d .  



1.  A  m e t h o d   of   f o r m i n g   an  a r t i c l e   to   a  f i n a l  

f o r m   in  a  f i n a l   c a v i t y   c o m p l e t e l y   s u r r o u n d i n g   and  h a v i n g  

t h e   f i n a l   f o r m   of   t h e   a r t i c l e   i n c l u d i n g   t h e   s t e p s   o f :  

f o r m i n g   a  p r e f o r m   h a v i n g   t h e   g e n e r a l   s h a p e   o f   t h e   f i n a l  

f o r m   of   t h e   a r t i c l e   and   e n c l o s i n g   t h e   p r e f o r m   in  t h e  

f i n a l   c a v i t y   to  c o m p l e t e l y   s u r r o u n d   t h e   p r e f o r m   and  c o n -  

f o r m   t h e   p r e f o r m   to  t h e   s h a p e   of  t h e   f i n a l   c a v i t y   t o  

p r o d u c e ' t h e   f i n a l   f o r m   of   t h e   a r t i c l e ,   s a i d   m e t h o d  

c h a r a c t e r i z e d   by  m e a s u r i n g   t h e   a m o u n t   of   m a t e r i a l   c o n -  

t a i n e d   in  t h e   p r e f o r m   and   r e m o v i n g   any  m a t e r i a l   f r o m   t h e  

p r e f o r m   in  e x c e s s   of   t h e   a m o u n t   of  m a t e r i a l   r e q u i r e d   t o  

c o m p l e t e l y   f i l l   t h e   v o l u m e   of  t h e   f i n a l   c a v i t y   b e f o r e  

e n c l o s i n g   t h e   p r e f o r m   in  t h e   f i n a l   c a v i t y .  

2.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   as   f o r m i n g   t h e   p r e f o r m   to  h a v e   a  g r e a t e r  

d i m e n s i o n   in   a  f i r s t   d i r e c t i o n   t h e r e t h r o u g h   t h a n   t h e  

f i n a l   d e s i r e d   d i m e n s i o n   in  t h e   f i r s t   d i r e c t i o n   t h r o u g h  

t h e   f i n a l   f o r m   and  a  l e s s e r   d i m e n s i o n   in  a  s e c o n d   d i r e c -  

t i o n   t r a n s v e r s e   to   t h e   f i r s t   d i r e c t i o n   t h a n   t h e   f i n a l  

d e s i r e d   d i m e n s i o n   in  t h e   s e c o n d   d i r e c t i o n   t h r o u g h   t h e  

f i n a l   fo rm  and  e n c l o s i n g   t h e   p r e f o r m   by  i n i t i a l l y   a p p l y -  

ing   p r e s s u r e   to  t h e   p r e f o r m   in  t h e   f i r s t   d i r e c t i o n   t o  

.  d e c r e a s e   t h e   d i m e n s i o n   in  t h e   f i r s t   d i r e c t i o n   to  t h e  

f i n a l   d e s i r e d   d i m e n s i o n   w h i l e   i n c r e a s i n g   t h e   d i m e n s i o n  

i n   t h e   s e c o n d   d i r e c t i o n   to  t h e   f i n a l   d e s i r e d   d i m e n s i o n .  

3.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   2  f u r t h e r  



c h a r a c t e r i z e d   as   e n c l o s i n g   t h e   p r e f o r m   in  t he   f i n a l  

c a v i t y   by  p l a c i n g   t h e   p r e f o r m   b e t w e e n   d i e s   in  a  p r e s s  

w h i c h   d e f i n e   t h e   f i n a l   c a v i t y   and   c l o s i n g   t h e   d i e s   t o  

i n i t i a l l y   a p p l y   p r e s s u r e   to   t h e   p r e f o r m   in   t h e   f i r s t  

d i r e c t i o n .  

4.  A  m e t h o d   as  s e t   f o r t h   i n  c l a i m   3  f u r t h e r  

c h a r a c t e r i z e d   as   f o r m i n g   t h e   p r e f o r m   w i t h   a  g r e a t e r -  

a m o u n t   o f   m a t e r i a l   t h a n   t h e   a m o u n t   of  m a t e r i a l   in   t h e  

f i n a l   f o r m   of   t h e   a r t i c l e .  

5.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   4  f u r t h e r  

c h a r a c t e r i z e d   as   r e m o v i n g   t h e   e x c e s s   m a t e r i a l   by  p l a c i n g  

t h e   p r e f o r m   in  an  e t c h i n g   b a t h   u n d e r   p r e d e t e r m i n e d  

c o n d i t i o n s .  

6.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   as   m e a s u r i n g   t h e   a m o u n t   of  m a t e r i a l   i n  

t h e   p r e f o r m   by  w e i g h i n g   t h e   p r e f o r m .  

7.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   as   f o r m i n g   t h e   p r e f o r m   w i t h   a  g r e a t e r  

a m o u n t   of   m a t e r i a l   t h a n   t h e   a m o u n t   of   m a t e r i a l   in   t h e  

f i n a l   f o r m   of  t h e   a r t i c l e .  

8.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   as   f o r m i n g   t h e   p r e f o r m   by;  e n c a p s u l a t i n g  

a  q u a n t i t y   of  p o w d e r   in   a  f i r s t   c a v i t y   in   a  t h i c k   w a l l e d  

c o n t a i n e r   h a v i n g   w a l l s   e n t i r e l y   s u r r o u n d i n g   t h e   f i r s t  

c a v i t y   and  of   s u f f i c i e n t   t h i c k n e s s   so  as  n o t   to   c l o s e l y  

f o l l o w   t h e   c o n t o u r   of  t h e   f i r s t   c a v i t y   and  of  a  m a t e r i a l  

w h i c h   i s   s u b s t a n t i a l l y   f u l l y   d e n s e   and  i n c o m p r e s s i b l e   a n d  

c a p a b l e   o f   p l a s t i c   f l o w   a t   e l e v a t e d   t e m p e r a t u r e s ,   h e a t i n g  

t h e   c o n t a i n e r   and  p o w d e r   to   a  t e m p e r a t u r e   a t   w h i c h   t h e  



p o w d e r   w i l l   d e n s i f y ,   and  a p p l y i n g   e x t e r n a l   p r e s s u r e  t o  

t h e   e n t i r e   e x t e r i o r   s u r f a c e   of   t h e   c o n t a i n e r   t h e r e b y  

c a u s i n g   p l a s t i c   f l o w   of  t h e   c o n t a i n e r   w a l l s   to   s u b j e c t  

t h e   p o w d e r   to   h y d r o s t a t i c   p r e s s u r e   w h i c h   c a u s e s   t h e  

p o w d e r   to   d e n s i f y   i n t o   t h e   p r e f o r m .  

9.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   8  f u r t h e r  

c h a r a c t e r i z e d   as   r e m o v i n g   t h e   p r e f o r m   f r o m   t h e   c o n t a i n e r  

by  m e l t i n g   t h e   c o n t a i n e r   m a t e r i a l   f r o m   a b o u t   t h e   p r e f o r m .  

10.   A  m e t h o d   as  s e t   f o r t h   in  c l a i m   8  f u r t h e r  

c h a r a c t e r i z e d   as   f o r m i n g   t h e   p r e f o r m   by  e n c a p s u l a t i n g   t h e  

p o w d e r   in   t h e   f i r s t   c a v i t y   h a v i n g   a  g r e a t e r   d i m e n s i o n   in   a  

f i r s t   d i r e c t i o n   t h a n   t h e   f i n a l   d e s i r e d   d i m e n s i o n   in   t h e  

f i r s t   d i r e c t i o n   of  t h e   f i n a l   fo rm  and  a  l e s s e r   d i m e n s i o n  

in   a  s e c o n d   d i r e c t i o n   t r a n s v e r s e   to  t h e   f i r s t   d i r e c t i o n  

t h a n   t h e   f i n a l   d e s i r e d   d i m e n s i o n   in  t h e   s e c o n d   d i r e c t i o n  

of  t h e   f i n a l   f o rm  and   e n c l o s i n g   t h e   p r e f o r m   i n - t h e   f i n a l  

c a v i t y   and   a p p l y i n g   p r e s s u r e   to  t h e   p r e f o r m   i n i t i a l l y   i n  

t h e   f i r s t ,  d i r e c t i o n   to   d e c r e a s e   t h e   d i m e n s i o n   in  t h e  

f i r s t   d i r e c t i o n   to  t h e   f i n a l   d e s i r e d   d i m e n s i o n   w h i l e   i n -  

c r e a s i n g   t h e   d i m e n s i o n   in  t h e   s e c o n d   d i r e c t i o n   to  t h e  

f i n a l   d e s i r e d   d i m e n s i o n .  
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